Introduction: Histological changes of psoriasis include invasion of neutrophils into the epidermis and formation of Munro abscesses in the epidermis. Neutrophils are the predominant white blood cells in circulation when stimulated; they discharge the abundant myeloperoxidase (MPO) enzyme that uses hydrogen peroxide to oxidize chloride for killing ingested bacteria. Aim: To investigate the contribution of neutrophils to the pathogenesis of psoriasis at the blood and tissue levels through inducible nitric oxide synthase (iNOS) and MPO. Material and methods: A total of 50 adult patients with a chronic plaque form of psoriasis and 25 healthy controls were enrolled to this study. Serum MPO and iNOS levels were measured using ELISA method. Two biopsy specimens were taken in each patient from the center of the lesion and uninvolved skin. Immunohistochemistry was performed for MPO and iNOS on both normal and psoriasis vulgaris biopsies. Results: While a significant difference between serum myeloperoxidase levels were detected, a similar statistical difference between participants in the serum iNOS levels was not found. In immunohistochemistry, intensely stained leukocytes with MPO and intensely staining with iNOS in psoriatic skin was observed. Conclusions: Neutrophils in psoriasis lesions are actively producing MPO and this indirectly triggers the synthesis of iNOS. Targeting of MPO or synthesis of MPO in the lesion area may contribute to development of a new treatment option.
Introduction
The inflammatory infiltrate in the psoriatic skin is characterized immunohistochemically by different subsets of immunocompetent cells such as T-lymphocytes, monocytes, macrophages, mast cells and polymorphonuclear leukocytes (PMN) [1] . In a certain time, it has been widely recognized that the interaction of T cells and dendritic cells (DCs) creates a type 1 inflammatory environment by secreting large amounts of Th1 type cytokines, leading to the development of psoriasis. Whereas, recently obtained findings suggest that psoriasis cannot be simply defined as one subset of Th cells-mediated disease. Instead, all these pathogenic Th cells are implicated in the disease development, which interact with other types of T cells, DCs and neutrophils to create a chronic inflammatory environment for the maintenance of psoriatic plaque [2] . The early histological changes seen in a psoriatic lesion include invasion of neutrophils into the epidermis and formation of Munro abscesses in the epidermis [3] . In the story of neutrophils collection in the inflammation area, adhesion to endothelial cells (ECs) -as a critical process in the extravasation of neutrophils into inflamed perivascular tissue [4] . Enhanced adhesion and migration into the tissue involves up regulation and activation of CD11b/CD18 on neutrophils and intercellular adhesion molecule 1 (ICAM-1) on endothelial cells [3] Clinical importance of neutrophils for the pathogenesis of psoriasis was reported by Toichi et al. In this report, psoriasis began to improve rapidly when peripheral blood neutrophil counts decreased to several hundred per micro liter in a case of drug-induced agranulocytosis who has psoriasis. In the patient no new psoriatic plaques were observed until neutrophil counts increased to several thousand per micro liter [5] . Neutrophils are the predominant white blood cells in circulation and when stimulated, neutrophils consume oxygen in a respiratory burst that produces superoxide and hydrogen peroxide and simultaneously discharge the abundant heme enzyme myeloperoxidase (MPO) that uses hydrogen peroxide to oxidize chloride, bromide and thiocyanate to the respective hypohalous acids and hypothiocyanite. These oxidants kill ingested bacteria but are also implicated in tissue damage [6] . But studies have shown that the story of MPO is not limited with this, MPO binds to CD11b/CD18 integrins on PMNs, leading to induction of intracellular signaling cascades and translating into upregulated PMN degranulation, CD11b surface expression, and NADPH oxidase activity in an autocrine manner [7] .
Aim
In the present study, we aimed to investigate the contribution of neutrophils to the pathogenesis of psoriasis through inducible nitric oxide synthase (iNOS) and MPO which are believed to have a relationship with each other at the blood and tissue levels in patients with psoriasis [8] .
Material and methods
A total of 50 adult patients (27 males and 23 females, mean age: 36.8 ±8.2) with a chronic plaque form of psoriasis and 25 healthy controls (14 males and 10 females, mean age: 36.9 ±8.2) were enrolled to this study. The patients were divided in two groups: the first group consisted of 25 patients with a high Psoriasis Area and Severity Index (PASI) score (PASI score ≥ 7, mean PASI score: 9.66 ±2.41) and the second group covered 25 patients with a mild PASI score (PASI score ≤ 7, mean PASI score: 2.57 ±1.23). The demographic and clinical characteristics of participants are presented in Table 1 .
The patients who have an additional disease such as infection, cancer and autoimmune diseases or received systemic therapy recently (for the last 15 days) were excluded from the study. The PASI was performed for clinical evaluation of disease severity before taking blood samples. Complete blood cell count of participants was tested with the cell counter system (Abbott, Cell-Dyn 3700) according to the manufacturer's instructions. Serum of all participants was immediately obtained by centrifugation, transferred into cryotubes, and stored at -70°C until assayed. Serum myeloperoxidase levels were measured using ELISA method (Human MPO Instant ELISA kit, eBioscience, Austria) according to the manufacturer's protocol. Serum iNOS levels were measured using ELISA method (Human inducible nitric oxide synthase (iNOS) ELISA Kit, Cusabio, Wuhan, China) according to the manufacturer's protocol. Absorbance (OD) of each well determined at 450 nm with a microtiter plate reader (Multiskan GO, Thermo Scientific, Waltham, MA, USA) in the 5 th min. Standard curves were fitted using Titri ELISA software. The fitted curves were then used to convert sample absorbance readings to MPO and iNOS concentration.
After infiltration with a local anesthetic, two biopsy specimens were taken. In each patient a 6 mm punch biopsy was taken from the center of the lesion. Another 6 mm punch biopsy was taken from uninvolved skin, which was at least 10 cm apart from any psoriatic plaque. Immunohistochemistry was performed on both normal and psoriasis vulgaris biopsies of deparaffinized human skin tissue. To expose target proteins, heat-induced antigen retrieval was performed using 10 mM sodium citrate (pH = 6.0) buffer, microwaved for 8-15 min. Following antigen retrieval, tissues were blocked in 3% BSA-PBS for 30 minutes at room temperature. Tissues were then probed at a dilution of 1/200 with a rabbit polyclonal antibody recognizing iNOS (ab3523-abcam) and at a dilution of 1/50 with a Rabbit polyclonal Anti-Myeloperoxidase antibody (ab45977-abcam) or without the primary antibody (negative control) overnight at 4°C in a humidified chamber. Tissues were washed extensively with PBST (Phosphate buffered saline-Triton X-100) and endogenous peroxidase activity was quenched with a peroxidase suppressor. Detection was performed using a biotin conjugated secondary antibody and SA-HRP (Streptavidin-horseradish peroxidase), followed by colorimetric detection using DAB (3,3'-diaminobenzidine). Tissues were counterstained with hematoxylin and prepped for mounting.
Results
According to the obtained results, a statistically significant difference in terms of the number of neutrophils Table 2 ). Serum myeloperoxidase levels in a high PASI group were found to be significantly higher than the others (Figure 1 ). However, a similar statistical difference between participants in the serum İNOS levels was not found (ANOVA test, Table 3 and Figure 2 ). When immunostaining was performed to assess the relationship between iNOS and MPO locally, intensely stained leukocytes with MPO were seen in psoriatic skin. Similarly, intensely staining with iNOS in psoriatic skin was observed. Comparison of immunostaining in the normal skin and lesional skin is shown in Figure 3 . These results are surprisingly different from the serum results obtained using with ELISA method.
Discussion
Psoriatic lesions are characterized by a focal dense infiltration of neutrophils, T lymphocytes and macrophages that migrate from the vascular to the dermal compartment and through all layers of the epidermis up to the stratum corneum [9] . Neutrophils, which are a type of polymorphonuclear leukocyte, are well recognized as one of the major players during acute inflammation. However, recent data have shown that neutrophil functions extend beyond their roles in acute infection. Despite their short life, during inflammation neutrophils become activated and their longevity increases several folds, which ensures the presence of primed neutrophils at the site of inflammation. A longer lifespan may allow neutrophils to carry out more complex activities in a tissue, such as contributing to the resolution of inflammation or shaping adaptive immune responses [10] . Neutrophils are equipped with an arsenal of antimicrobial proteins including reactive oxygen species-producing enzymes, chelators of vitamins and trace elements and enzymes Figure 2 . Serum iNOS levels of participants in Boxplot capable of degrading microbial proteins or cell wall components. That weaponry may not only be detrimental to microbes but it can also damage components of the host tissues [11] . One of the major weaponry of neutrophils is enzyme MPO (MPO accounts for ~5% of total neutrophil proteins and is a major granule constituent), which in combination with H 2 O 2 and chloride, constitutes a potent antimicrobial system [12] . Selectively activation of neutrophils in psoriasis was shown in a previous study by Lundin et al. [13] . Likewise significantly increased MPO levels which showed a positive correlation with disease severity in our study refers to a specifically local and systemic neutrophil activation. Another study supporting this was made by Lau et al. and showed that MPO binds to CD11b/CD18 integrins on PMNs, leading to induction of intracellular signaling cascades and translating into up-regulated PMN degranulation [7] . This finding helps to explain the excess production of MPO in psoriatic lesions.
Nitric oxide synthases are hemoproteins that catalyze oxidation of L-arginine to nitric oxide (NO) and L-citrulline. Nitric oxide is a ubiquitous free radical, and it plays an important role either as a messenger or as a destructive molecule in inflammation and has been shown to modulate the inflammatory process [14] . Inducible NO synthase is only expressed after cell activation through variety of inflammatory mediators such as cytokines, lipopolysaccharide (LPS) and others and then produces NO for comparatively long periods of time (hours to days) in contrast to other NO synthase. Thus, regulated short pulsative synthesis versus constant NO production differentiates between physiological and pathophysiological actions of NO [15] . Our findings obtained in this study indicate local activation of iNOS synthase. This was shown in studies; iNOS catalytic activity is down regulated by NO feedback inhibition by a mechanism that constrains the enzyme to operate at only a fraction of its maximum activity and mammalian peroxidases such as MPO may operate as alternative pathways for catalytic removal of NO at sites of inflammation [8] . These data suggest that as in our findings, increased MPO levels in the lesion may trigger the iNOS synthase indirectly. In our study, the amount of both enzyme MPO and iNOS was found to be increased in the lesion correlated with the clinical severity. In addition, recently conducted studies showed that the blood neutrophil counts are increasing in patients with psoriasis and amount of superoxide anions are increased in these neutrophils [16, 17] .
Consequently, based on the findings obtained from the study, neutrophils in psoriasis lesions are actively producing MPO and this indirectly triggers the synthesis of iNOS and consists of an autonomous structure. If possible, the synthesis of molecules which target MPO or synthesis of MPO in the lesion area may contribute to the deterioration of this autonomous structure and development of a new treatment option.
